INTRODUCTION
The policy implications of crime problems which are confined to only a few geographical regions differ from those which are spread across the State. Each year, the New South Wales (NSW) Bureau of Crime Statistics and Research publishes data on the numbers and rates of recorded criminal incidents in NSW in its annual crime statistics report.
1 In addition to a brief comparative regional analysis, the report features a discussion of trends in recorded crime in NSW for major offence categories over the most recent two-year period. recorded incidence of serious criminal offences, the report attracts considerable attention from the media. The headlines of such crime news stories usually engender fear and concern in wide sections of the community, regardless of the actual level of crime, or crime increase, in any particular geographical area. However, the concern in some regions may be unwarranted. An upward trend for the State as a whole does not indicate that all regions are equally affected, nor that all residents of NSW have the same risk of crime victimisation.
When upward trends are detected in the
Given the significant public interest in crime rate increases, useful measurement of the extent of crime across different regions of NSW is critical. Existing measures generally either compare crime rates within regions over time, in order to identify a worsening or improvement in the level of crime, or rank regions by crime rate in a specific time period, in order to compare the relative safety of one community with another in relation to the risk of victimisation. Such comparisons, however, provide no information about the relative contribution made by particular geographical areas to the observed aggregate change in the State crime rate or to the current level of crime in NSW.
The purpose of this bulletin is to present some measures recently developed by the NSW Bureau of Crime Statistics and Research to describe the dispersion, or spread, of crime across regions. The value of such measures is that policy makers can determine whether crime prevention and policing activity for individual offences should be targeted at a limited number of identifiable regions, or aimed more broadly across the whole State. The methods which will be presented below include graphical methods and summary indices for measuring dispersion in both (1) increases in crime rates from one time period to another, and (2) crime rates for a single time period. For illustration purposes, NSW Local Government Area (LGA) data from 1995 and 1996 are used. Table 1 shows information about changes in the number of crime incidents for the ten major offence categories which recorded a statistically significant upward trend between January 1995 and December 1996. The offences in the table are ordered from highest to lowest in terms of the percentage increase in the number of recorded criminal incidents between 1995 and 1996, as shown in the final column of the table.
RECORDED CRIME IN NSW
Other than several qualitative differences between offence categories, such as the seriousness of the offence, the impact on victims and the wider impact on the community, the offences differ in quantitative terms. We will consider these differences in terms of four measurable characteristics, namely absolute frequency, absolute increase, percentage increase and geographical dispersion.
Firstly, the offence categories differ in terms of incidence, that is, in terms of the frequency with which they occur in a particular time period. The second column of Table 1 shows the number of recorded incidents for each offence category in 1996. It can be seen that, in 1996, high frequency offences include malicious damage to property (78,301 recorded incidents), break and enterdwelling (74,132 incidents) andsteal from motor vehicle (63,490 incidents).
Secondly, the offence categories differ in the level of increase in the number of recorded incidents between one year and the next. The third column in Table 1 details the absolute increase in the volume of offences between 1995 and 1996 for each offence category. Not surprisingly, the highly prevalent offences in 1996 also showed the largest absolute increases between 1995 and 1996 in terms of the number of incidents recorded: increases of 6,484, 12,796 and 7,594 incidents, respectively, for the categories malicious damage to property, break and enter -dwellingand steal from motor vehicle. In addition to these offences, the assault offence category showed a large increase in the number of recorded offences (an increase of 8,812 incidents between 1995 and 1996 robbery with a weapon not a firearm (27.8%), sexual assault (23.3%), assault (22.5%) and break and enter -dwelling (20.9%). These are the four offence categories which will be used to illustrate the analyses in this paper.
What Table 1 does not show, however, is that the offence categories differ in their coverage or geographical dispersion. It will be shown, below, that the 27.8 per cent increase in the rate of robbery with a weapon not a firearm between 1995 and 1996 was actually effected by less than 20 per cent of LGAs in NSW, while the 22.5 per cent increase in the rate of assault over the same period was effected by rate changes in almost 70 per cent of the State. Thus, as in the example just described, the dispersion of a percentage increase in crime can be used to describe the extent to which an increased crime rate between two time periods is confined to only a few geographical areas or, alternatively, is widespread across the State. In addition, dispersion may be examined crosssectionally to determine the geographical extent of a specific crime problem in NSW at one particular point in time. These two approaches will be described in the sections which follow. Table 1 showed the percentage increases between 1995 and 1996 in NSW crime rates for those offence categories which exhibited a statistically significant upward trend over the twoyear period.
MEASURING CRIME DISPERSION: RATE CHANGE BETWEEN TWO TIME PERIODS
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As was noted above, it is of interest to determine, particularly for offence categories with sizeable increases in the number of recorded criminal incidents, whether the increase in the State rate has resulted from a fairly uniform increase across many geographical areas, or whether the increase is due to excessive crime growth in only a few areas. The policy implications for reducing crime would be quite different in each instance. In order to make this determination, a graphical procedure will firstly be used, followed by the calculation of a numerical index. For the graphical procedure, the points on the graph for each offence category are determined by the method which follows.
Firstly, for each category of interest, the absolute rate change over a two-year period (here, between 1995 and 1996) is calculated for each geographical area. In the present instance, the rate change was calculated for each of 160 LGAs. 4 The rate change for an LGA is calculated simply by subtracting the 1995 rate of recorded criminal incidents per 100,000 population from the 1996 rate. Secondly, LGAs are rank ordered from highest to lowest on the basis of this calculation. The next step is to exclude the highest ranking LGA (that is, the LGA with the largest increase in rate for the specified offence) from the rate calculations for the State, and then to recalculate the percentage increase in the 'State' rate as if the 'State' now consisted only of the remaining LGAs. The same calculations are then made with the two highest ranking LGAs excluded. The procedure continues, with an additional LGA being removed from the calculations at each step.
Initially for each offence category, therefore, the single top ranking LGA in terms of the change in the total number of incidents per 100,000 resident population, over the time period of interest, is effectively 'removed' from the State's calculations. A new 1995-96 NSW percentage change in the recorded crime rate for the specified offence is then calculated from the total number of incidents recorded in 1995 and 1996 in the remaining 159 LGAs. Then, the two top ranking LGAs (in terms of rate change between 1995 and 1996) are removed, and an adjusted NSW percentage rate change is calculated for the remaining 158 LGAs, and so on. In general, the incidents in 1995 and 1996 for n LGAs are removed from the State total and a new percentage change calculation is made for the remaining (160-n) LGAs at that point. The recalculation proceeds until only one LGA (that with the lowest rate change) remains in calculating the so-called 'State' rate.
The series of calculations just described is carried out for each offence category of interest. A graph is then constructed for each offence category, plotting on the horizontal axis (x-axis) the number of LGAs removed from the calculation, against the recalculated percentage change in the 'State' rate after removal of the specified number of LGAs. That is, the value on the vertical axis (y-axis) LGAs in NSW.
B U R E A U O F C R I M E S T A T I S T I C S A N D R E S E A R C H
O F C R I M E S T A T I S T I C S A N D R E S E A R C H
Figure 1 also plots the percentage change in the NSW crime rate for the other two offence categories which showed an overall percentage increase greater than 20 per cent between 1995 
and 1996. The offence category break LGAs (one-third of the total) have been omitted from the calculation of the State rate.
It should be noted here that it is not necessarily the same geographical areas which have been removed at each point for each offence category being compared (although often geographical areas with high rates of crime for one offence category also exhibit high rates for others). The contribution of any one particular LGA to the overall crime rate in NSW for all types of crime has not been measured by the method described above.
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The method applied here simply compares the residual crime rate for an offence category after the highest ranking LGAs specific to that category have been removed.
In addition to the above graphical technique for comparing crime dispersion across offence categories, it is useful to calculate a numerical measure or index of dispersion for each category. The Robbery with a weapon not a firearm 0.16 information which has been presented graphically in Figure 1 is therefore summarised numerically using the Offence Dispersion Index (ODI), which allows a straightforward comparison of dispersion across offences.
The ODI for a particular offence category is calculated by simply determining the proportion of LGAs which are excluded from the NSW rate calculation before a steady state situation (a zero percentage change in crime rate) between years is reached. That is, the value of the ODI for a particular offence category is equal to the proportion of LGAs which have been removed from the plot at the point of intersection with the x-axis. This index ranges from zero to one, with a low index indicating an offence category with rate increases confined to only a few geographical areas (because only a small proportion of the LGAs need to be removed to achieve a no-change situation for the State). An index closer to unity suggests that the annual increase has affected a substantial proportion of LGAs in the State. Table 4 presents dispersion indices for the offence categories plotted in Figure 1 . In addition, one could choose to look, not at the point at which a zero change in the State crime rate is reached (that is, where the x-axis is crossed), but rather at a point which is considered to be a tolerable increase, say five per cent. A horizontal line representing a five per cent increase has been marked on Figure 1 . By considering, for each The second point to note is that, while there is no direct relationship between the amount of dispersion and the total amount of crime in a region, it cannot be said that the amount of dispersion is totally unrelated to the amount of crime. For example, suppose that for a specified offence category there were fewer incidents than there were regions in the State. It would be impossible for such an offence to be very widely dispersed because there would simply not be enough incidents to be distributed among all of the regions. It follows that offence categories with a low volume of incidents would probably be less likely to be widely dispersed than would offence categories with a large volume of incidents.
Finally, it should be noted that the basis chosen for the ranking procedure at the outset can be modified. In the example described above, the initial ordering of geographical areas was based on the absolute rate increase. The ordering could also be based on calculations such as the magnitude of the change in the volume of incidents, or on the percentage rate change.
MEASURING CRIME DISPERSION: RATE IN A SINGLE TIME PERIOD
The analysis above considered dispersion differences between offence categories based on the change in the crime rate over time. It is useful to know how widely a change in the crime rate over time has been experienced, but it is also of interest to know the relative distribution of offences across
LGAs at a particular point in time. Therefore, a second type of crime dispersion indicator is that of the contribution of crime incidents in LGAs to the current NSW rate. Several simple measures for enumerating the spread or dispersion of a given set of numbers at a given point in time are readily available, for example, standard deviation, range, and so on. However, an alternative procedure for comparing offence categories on the relative dispersion of crime incidents, which is again based on a simple graphical procedure, is suggested here.
Offence categories will, therefore, again be contrasted on a simple measure of crime dispersion, but one which references only the crime rate in a single time period, rather than one which references the change in crime rates between one period and the next. Before the index is developed, the differences in dispersion between offence categories will be illustrated graphically using two procedures.
As before, the level of disaggregation used is the LGA. Firstly, for a specified offence category, the LGAs are ranked from highest to lowest on the total number of recorded crime incidents for the time period of interest. In addition a State total is calculated, being the total number of recorded crime incidents of the specified offence type, summed across all of the LGAs. The top ranking
LGA is then removed and the total number of recorded crime incidents for the set of remaining LGAs is calculated as a proportion of the State total. Then the top two ranking LGAs are removed and the same calculation carried out, again with the total number of recorded crime incidents for the remaining LGAs being calculated as a proportion of the State total. As before, the procedure continues until all LGAs have been removed. The results are plotted in a graph with the number of LGAs removed on the x-axis and the proportion of total recorded crime incidents in the remaining LGAs on the y-axis. The same procedure is followed for each offence category.
A similar procedure is also carried out on the basis of resident population rather than recorded crime incidents. In this case, after the removal of the top ranking
LGAs, the calculation is the population of the remaining LGAs as a proportion of the total NSW population.
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All of the resulting lines, one for each offence category and one for the population, are then plotted onto a single graph. It should be noted, of course, that the particular LGAs removed at each step of the process may differ between the lines drawn on the graph, because the top ranking LGA in terms of population may not be the same as the top ranking LGA, say, for assault. Similarly the top ranking LGA in terms of assault may be different from the top ranking LGA for robbery with a weapon not a firearm or any other specified offence.
Following the method detailed above, Figure 2 plots the relative contribution of LGAs to the NSW rate in 1996 for the same four offence categories which were considered in Figure 1 . For each offence category, the corresponding line plots the percentage of NSW crime incidents which remain after top ranking
LGAs have been removed.
The patterns exhibited by each offence category are, again, somewhat different from each other. The offence lines closest to the population line indicate the more widely dispersed offence categories, that is, those categories concentrated in a pattern which most closely approximates the spread of the population in NSW. In Figure 2 , the sexual assault category approximates the population line most closely, followed by assault. This suggests that, in 1996, these offences were more widely spread -dwelling is the next most dispersed offence, followed by robbery with a weapon not a firearm , which is again the offence category having high rates confined to fewer geographical areas.
O F C R I M E S T A T I S T I C S A N D R E S E A R C H
Again, the ranking of offences shown in the figure using this dispersion criterion does not simply reflect the relative volume of offences in NSW, as listed in Figure 2 , a horizontal line at 20 per cent on the y-axis has been drawn to enable the x-values of these points to be noted. Thus, 20 per cent of the total population of NSW remains after the removal of 55
LGAs. The numbers of
LGAs that need to be removed to leave In order to enumerate the differences between offence categories which are illustrated in Figure 2 , a method commonly used by economists to measure disparity in the distribution of income and wealth, the Lorenz curve and associated Gini index, may also be applied.
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A Lorenz curve will be drawn for each of the four offence categories considered above based on the number of crime incidents by LGA in 1996.
The points on the Lorenz curve for the incidence of recorded crime for each offence category in a particular year are calculated as follows. Firstly, for a specified offence category, the LGAs are ranked from lowest to highest on the total number of recorded crime incidents for the time period of interest. Note that this contrasts with the ranking of LGAs in both Figures 1 and 2 , which were based
O F C R I M E S T A T I S T I C S A N D R E S E A R C H
on a highest to lowest ranking. As with of the State total. This is the value Consider the method used to calculate the calculations for Figure 2 , a State which is plotted against the y-axis. the Lorenz curve for the offence category total is also calculated, representing the The corresponding point along thex-axis assault. In 1996, the LGA which had the total number of recorded crime incidents is the proportion of the State population smallest number of recordedassault of the specified offence type, summed in this same LGA. At the next step, the incidents, and therefore ranked lowest across all of the LGAs.
two lowest ranking LGAs are included, among the 160 LGAs used in the and the same calculation carried out.
calculation, recorded just six incidents of The calculation of the points on each of That is, the total number of recorded assault. Altogether there were 46,591 the Lorenz curves in Figure 3 involves crime incidents for the two lowest incidents in 1996 recorded in NSW. the progressive addition (rather than the ranking LGAs is calculated as a Hence, this lowest ranked LGA accounts removal of LGAs, as in Figures 1 and 2) proportion of the State total, and plotted for 6/46,591 or 0.01 per cent of the total of LGAs at each step. That is, at the first step in calculating the points to be against the proportion of the State's number of assault incidents in NSW. graphed on the curve, the total number total population resident in these two This
LGA has a population of 3,060 of recorded criminal incidents for the
LGAs. The procedure continues until all which is 0.05 per cent of the total NSW specified offence category in thelowest of the LGAs have been incorporated into population. Hence, this LGA accounts ranking LGA is calculated as a proportion the calculation. for 0.01 per cent of total assaults and 
0.05 per cent of the total NSW population. The first point plotted on theLorenz curve for assault is therefore 0.01 per cent on the y-axis against 0.05 per cent on the
x-axis.
The LGA ranked second lowest in the number of assault incidents in 1996 recorded seven assaults, and had a population of 3,650. Together these two lowest ranking LGAs account for 0.03 per cent of total assaults and 0.11 per cent the of total population in NSW.
Hence the next point plotted in the Lorenz graph for assault is 0.03 per cent on the y-axis against 0.11 per cent on the x-axis.
The same procedure is followed for each offence category. Figure 3 details the Lorenz curves plotted for each of the four offence categories considered in this bulletin.
Each point on a Lorenz curve therefore represents the cumulative proportion of crime accounted for by a particular group of LGAs (on the y-axis) plotted against the cumulative proportion of population accounted for by these same LGAs (on the x-axis). The point furthest left represents these cumulative proportions for one LGA only (the lowest ranked in terms of the number of offences). The next point along to the right represents these cumulative proportions for two
LGAs (the two lowest ranked), and so on. The point at the far right is always at the 100 per cent point on both axes because all LGAs are included in the calculation for this point and hence all of the State's crime and all of the State's population is accounted for by this point.
If the amount of crime is distributed across regions in exactly the same proportions as is the resident population, then the crime rate (being equal to the number of offences per population) is exactly the same for each region. Such a situation is reflected by the diagonal line in the Lorenz graph. If, on the other hand, there is variation across regions in the crime rate (and hence in the amount of crime relative to the population), then the line departs from the diagonal. Note that the consequence of ranking the
LGAs from lowest to highest is that such a line always falls below the diagonal.
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On each graph, the Lorenz curve for the offence category is compared with the Robbery with a weapon not a firearm 0.49 diagonal line which corresponds to a match between incidents and population for each LGA -that is, equivalent crime rates across all geographical areas. The closer the curve is to the diagonal line, the more uniform the distribution of crime (that is, the more widely dispersed the crime). A large area between the line and the Lorenz curve means that crimes are more concentrated in particular areas. The Lorenz curves in Figure 3 confirm the distributions noted in the section above, with therobbery category showing the least similarity to the population spread. That is, in Figure 3 , robbery with a weapon not a firearm has the most bowed shape, while the other offence categories follow the diagonal more closely.
The Gini index associated with each Lorenz curve is a numerical index of the relationship between the actual dispersion or spread of crime across
LGAs at a particular point in time, and the spread which would exist if crime rates across the State were equal. In the case of data measured on a continuous scale, such as income, the Gini index is calculated as the ratio of two areas: the area between the Lorenz curve and the diagonal line, and the total area below the diagonal. In the present application, however, because we are using a distinct number of LGAs, we can calculate, for each LGA, the 'distance' (that is, the difference in the y-values) between the point on the diagonal line and that on the curve. We then sum these values across the set of 160
LGAs in NSW, and express this as a proportion of the sum of the distances from the zero point on the y-axis up to the diagonal (that is, the sum of the y-values for the diagonal line).
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The value of the Gini index described above represents the disparity between the observed distribution of crime across geographical regions of NSW, and the distribution which would exist in a situation of homogeneity, where the crime rate is equal in all regions of NSW (or widely dispersed). The Gini index can range from zero to one, with values closer to zero indicating wide dispersion, and those closer to one indicating a greater concentration of recorded crime incidents in particular geographical areas, or a higher degree of 'inequality' with respect to the crime rate.
The values of the Gini index for the offence categories analysed in this paper are shown in Table 5 . The calculated indices confirm the distributional differences between offence categories which were noted in the above section. The categories sexual assault, assault and break and enter -dwelling follow a dispersion pattern which reflects the LGA population, while robbery with a weapon not a firearm is concentrated in a smaller selection of LGAs in NSW in 1996. That is, the Gini index of 0.49 for the offence robbery with a weapon not a firearm , compared with Gini indices which range between 0.12 and 0.16 for the other three offence categories, suggests a more uniform (more widely dispersed) pattern of crime for the offences sexual assault, assault and break and enterdwelling than for robbery.
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In this section, therefore, we have developed two graphical representations and an associated numerical index which allows us to describe the dispersion of crime across NSW at a particular point in time for selected offence categories. As with measures of dispersion in changes in the crime rate, additional information about the dispersion of crime in a particular time period enhances the information already available to policy makers who wish to determine whether policing activity and crime prevention should be targeted at a small number of specific geographical areas or more widely across the State.
O F C R I M E S T A T I S T I C S A N D R E S E A R C H
CONCLUSION
While annual crime rate levels and changes in crime rates are routinely analysed in NSW, the measurement of dispersion or the spread of crime by offence category has not been previously undertaken. By considering the changes in crime rates for a selection of offences between 1995 and 1996, and the relative crime rates across LGAs in NSW in 1996 for these same offences, this bulletin has developed graphical procedures and associated numerical indices which describe crime dispersion, including a demonstration of how the Lorenz curve and Gini index can be applied to crime data.
The methods presented above can be applied to any set of offence categories at any level of disaggregation. Local Government Area was chosen as a compromise between choosing areas large enough to show meaningful rate changes, yet small enough to allow differences in dispersion to emerge.
For police, the analysis may be better performed at area command level to enable the relative effect of a change in crime rate in a specific region of NSW to be calculated. Further, as was noted earlier, ranking on alternative measures may be done prior to the application of the graphing procedure, or any appropriate combination of offence categories selected for comparison.
The methods described in this bulletin are thus a useful starting point for developing a measure of dispersion which can be tailored to the needs of individual users. These simple methods lend themselves to further refinement and to the development and calculation of alternative measures of dispersion.
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4 Crime rates in areas with small population, and comparisons of recorded crime rates across such areas, may be unreliable. There are, in fact, 179
LGAs in NSW, but 19 of these had populations of less than 3,000 in 1996. The analyses reported here are based on the 160
LGAs with populations of 3,000 or more. For the purposes of illustration, NSW is deemed to consist of just these 160
LGAs when dispersion across the State is being considered.
5 Note that the resultant percentage change in Table 2 is referred to as a 'rate' change, but no measure of population has been included in the calculation. This is because recorded crime statistics for both 1995 and 1996 were based on the same population estimate. If the estimate of population differed between the two time periods, there would be an additional step in the calculation -namely, the calculation of a rate for the remaining NSW residents. This has not been illustrated. 6 While the method described here deals with specific offence categories in turn, it could be adapted to examine the contribution of particular LGAs to the overall crime rate. Such an adaptation would require combining crime rates across categories prior to ranking (for example, by summation of total incidents across a number of offences). With such an approach, however, caution should be exercised, as a simple aggregation of offence categories may not always be meaningful.
7 As before, LGAs having resident populations less than 3,000 are excluded from the analysis. The calculation of total recorded criminal incidents and total NSW population are therefore based on 160 rather than the complete set of 179 NSW LGAs. Epidemiology , vol. 25, no.2, pp.426-434; and Tziafetas, G.N. 1989 'A Formula for the Gini Coefficient and its Decomposition ', Biometrical Journal, vol. 31, no. 8, Because the regions are ranked from lowest to highest in the amount of crime, there is relatively less crime than population in the lower ranking LGAs and hence the values on the yaxis fall below the corresponding values on the diagonal.
10 The formula for calculating the Gini index for a discrete distribution is given on page 964 of Tziafetas (1989) , referenced in footnote 8.
11 Note that a value close to one for the Gini index indicates a narrow offence dispersion. This contrasts with the Offence Dispersion Index, developed earlier in the bulletin, for which a value close to unity indicated a wide offence dispersion. This is because the ODI is a direct measure of dispersion, while the Gini index is, traditionally, a measure of inequality. Clearly, a high level of crime dispersion is synonymous with a low level of 'inequality' across regions. 
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